Abstract: The aim of this study was to translate and cross-culturally adapt the condition-specific instrument Impact of Fixed Appliances Measure (IFAM), assessing its validity and reliability for use among Brazilian children/adolescents. The IFAM was translated, back-translated, cross-culturally adapted, and pilot-tested. The Brazilian version of the IFAM (B-IFAM) was tested on 161 10-to-18-year-old children/adolescents. Internal consistency was assessed using Cronbach's alpha (α) and test-retest reliability by intraclass correlation coefficients (ICC). Construct validity was conducted using Pearson correlation among the overall and subscales of the B-IFAM. Discriminant validity was evaluated by comparisons of B-IFAM's means and SD with children's/adolescents' sex (Student t-test). Internal consistency was 0.89 for overall score and 0.55-0.86 for subscales. ICC for test-retest reliability was 0.81 for overall score and 0.55-0.78 for subscales. The overall score of the B-IFAM presented large correlation coefficients with most subscales (r = 0.52-0.74), supporting construct validity. Discriminant validity demonstrated statistically significant difference in the overall score, aesthetics, and physical impact subscales among female and male children's/adolescents' (p < 0.05). In the conclusion, the B-IFAM overall score and some subscales demonstrated adequate psychometric properties regarding reliability and validity. The study achieved a specific-condition instrument feasible for use on Brazilian children/adolescents who wear fixed orthodontic appliances.
Introduction
In the last decades, there has been increasing interest in evaluation of the impact of health management outcomes on individuals' daily life and quality of life. The concept of oral health-related quality of life (OHRQoL) was developed to assess the effect of oral health management outcomes on people's lives and their overall quality of life. 1 For this purpose, a number of instruments to be specifically used on children and adolescents and adults have been developed. The Child Oral Impact on Daily Performance (Child-OIDP), 2 
the Child Perceptions Questionnaire
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(CPQ), 3 the Early Childhood Oral Health Impact Scale (ECOHIS), 4 and the Oral Health Impact Profile (OHIP) 5 are examples of OHRQoL instruments that have been extensively used in oral research targeted at this age range.
Many studies have evaluated the association between orthodontic treatment and OHRQoL using generic instruments. 6, 7, 8 At the onset of treatment, OHRQoL often deteriorates because individuals are affected by pain, discomfort, and functional limitations. 9, 10 Following fixed appliances' debonding, however, quality of life is positively influenced as a result of a long-term improvement in emotional and social well-being. 11 The understanding of this phenomenon allows orthodontists to inform their patients about the impact of fixed orthodontic appliances on their daily function shortly after bonding, during, and after orthodontic treatment. Such a strategy may likely contribute to reduce the negative impacts of fixed appliance therapy and, ultimately, to increase patient cooperation, and to avoid treatment dropouts. 12 An instrument to measure OHRQoL can be classified as generic or condition-specific. The former evaluates the wider effects of different oral health management outcomes on quality of life, but may not present adequate responsiveness to identify changes resulting from a specific dental intervention. The latter, though, is more sensitive to specific clinical changes and may therefore be a valuable instrument to assess OHRQoL focused on one specific outcome, such as orthodontic treatment. 13 To fill this gap in the literature, a specific measurement (Impact of Fixed Appliances Measure: IFAM) was developed and validated in United Kingdom to evaluate the impact of fixed orthodontic appliances on daily life of individuals between 10 and 18 years of age.
14 Following cross-cultural adaptation, it has been also used in India. 15 This measure has been considered a useful method to better understand the relationship between orthodontic treatment and OHRQoL, 14 and could be a new instrument to be used on Brazilian patients. As the IFAM was developed in English, a validation process is required to use it in populations that use other languages on a daily basis. Thus, the aim of the present study was to translate and cross-culturally adapt a condition-specific instrument (IFAM) to evaluate the impact of fixed orthodontic appliances on daily life, and assess its validity and reliability for use among Brazilian 10-18-year-old children and adolescents.
Methodology Description of the Impact of Fixed Appliances Measure (IFAM)
The IFAM is a condition-specific instrument developed to assess the impact of fixed orthodontic appliances on the daily life of children and adolescents between 10 and 18 years of age. This instrument is composed of 43 items distributed across nine subscales: aesthetics (A: five items; scores range from 5 to 25); functional limitation (FL: three items; scores range from 3 to 15); dietary impact (DI: six items; scores range from 6 to 30); oral hygiene impact (OHI: three items; scores range from 3 to 15); maintenance impact (MI: two items; scores range from 2 to 10); physical impact (PI: nine items; scores range from 9 to 45); social impact (SI: five items; scores range from 5 to 25): time constraints (TC: five items; scores range from 5 to 25); and travel/cost/inconvenience implications (TCII: five items; scores range from 5 to 25). Each item has five response options according to a Likert scale ranging from 1 to 5, where 1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree and 5 = strongly agree. The overall score is computed by summing all the items in each subscale. The total ranges from 43 to 215 and a higher score denotes a greater negative impact of the fixed orthodontic appliances on the daily lives of children and adolescents. 14 
Translation and cross-cultural adaptation of the IFAM
The translation process and the cross-cultural adaptation of OHRQoL measures are based on standard guidelines that have been described by many authors in literature. 16, 17, 18, 19, 20 For the IFAM, the following protocol was used. Initially, two translations (English to Brazilian Portuguese) were made independently by two bilingual translators. Both translators were native Brazilian Portuguese speakers, fluent in English and with significant experience in epidemiological studies. To determine the concept and equivalence of items, both translated versions were evaluated by an expert committee composed of three specialists in orthodontics and two specialists in pediatric dentistry, who were also native Brazilian Portuguese speakers fluent in English and with experience in oral research. Attention was given to the identification of possible shortcomings in the understanding of the instrument's items. Following discussion, the committee of specialists drafted a summarized version of the questionnaire in Brazilian Portuguese.
The summarized version of the questionnaire was backward translated into English by a native English translator who was blinded to the original instrument and not previously involved in the study. The back-translated version was sent to the authors of the original instrument, who provided some minor suggestions. The back-translator and the expert committee evaluated the back-translated version, taking into account the authors' comments and the original version.
This draft version in Brazilian Portuguese was then pilot-tested on a convenience sample of 15 individuals separated according to age group: five individuals between 10 and 12 years old, five individuals between 13 and 15 years old, and five individuals between 16 and 18 years old. This strategy allowed the researchers to evaluate a potential impact or different response based on all the target ages. The pilot test consisted of interviews conducted by one investigator. Participants were encouraged to explain the meaning of words and to provide synonyms and suggestions for words that might have been misunderstood. This method enabled the interviewer to evaluate the participants' understanding of the instructions, items, and response choices to detect any possible disagreement with the original version of the instrument. Following the pilot test, it was decided that no changes were needed. Therefore, this draft version was considered the final Brazilian Portuguese version of the IFAM instrument. The translation and the cross-cultural adaptation process are depicted in Figure. 
Assessment of validity and reliability of the Brazilian Portuguese version of the IFAM (B-IFAM)
A convenience sample of 161 children and adolescents submitted to orthodontic treatment with fixed appliances and their parents/caregivers were selected from the orthodontic clinic at the Faculty of Dentistry of the Federal University of Minas Gerais (Belo Horizonte, Brazil) between 2015 and 2016. Inclusion criteria were children and adolescents between 10 and 18 years old who had been wearing metallic orthodontic fixed appliances for at least six months. Children and adolescents with dental traumatic injuries, cognitive disorders and craniofacial anomalies were excluded from the study. All individuals who met these criteria were invited to participate in the study.
Parents/caregivers completed a form with questions about the child/adolescent's age, parents/caregivers' level of education (≤8 years of study and > 8 years of study) and family income. Family income was assessed in terms of the Brazilian national monthly minimum wage (NMMW), which corresponded to US$ 300.00 at the time of data collection. Family income was categorized as ≤ 2 NMMWs and > 2 NMMWs based on median value.
The B-IFAM is a self-assessment questionnaire. Children and adolescents were instructed to answer, by their own, the B-IFAM in the university clinic waiting room before the appointment, except for the last two subscales, in which parents/caregiver were allowed to assist their sons/daughters. The original method of administration was maintained. The instrument was filled out twice by 141 individuals (87.6%) for test-retest reliability. The second time was three weeks later, before orthodontic intervention. During these three weeks, they had not been submitted to any orthodontic intervention. If any question was raised, a researcher was available for clarification. The researcher ensured neutrality on participant's response.
Ethical issues
This study was approved by the Human Research Ethics Committee of the Federal University of Minas Gerais, Brazil (protocol number #43747515.7.0000.5149). Participation was entirely voluntary, and an informed consent was signed by all children/adolescents and their parents/caregivers.
Statistical analysis
Data analyses were conducted using the Statistical Package for the Social Sciences (SPSS, version 22.0, IBM Corp., Armonk, NY, USA). Descriptive statistics included frequency distribution, ceiling and floor effects, means, and standard deviation (SD). Admissible floor or ceiling effects are less than or equal to 15%. 22 The internal consistency and test-retest reliability of the B-IFAM was determined. Internal consistency was estimated using Cronbach's alpha (α) coefficient. Values ≥0.70 were considered acceptable.
23 Testretest reliability was assessed using the intraclass correlation coefficient (ICC). The agreement level presented by the ICC was categorized as follows: ≤ 0.40 weak correlation; 0.41-0.60 moderate correlation; 0.61-0.80 good correlation; and 0.81-1.00 excellent correlation. 24 Construct validity was tested using Pearson's correlation coefficient through association between the B-IFAM subscales' scores. Pearson product moment correlation coefficients are designated as small (0.10-0.29), medium (0.30-0.49), and large (> 0.50). 25 The known-groups analysis, using the Student t test, established discriminant validity by comparisons of means and SD of the B-IFAM and sex.
Results
The study involved 161 children and adolescents with a mean age of 13.84 (SD = 1.94). Sociodemographic characteristics and participants' orthodontic characteristics are presented in Table 1 . No significant ceiling effect was observed, while floor effects appeared in the A, FL and SI subscales ( Table 2) .
Reliability
The B-IFAM presented a Cronbach's alpha coefficient of 0.89 for the overall score. For the subscales, the values ranged from 0.55 to 0.86. Test-retest reliability assessed by ICC ranged between moderate agreement and excellent agreement. The ICC for overall score was 0.81, indicating excellent agreement. Among the subscales, the ICC ranged from 0.55 to 0.78, indicating moderate to good agreement ( Table 2 ). Table 3 demonstrates the intercorrelations between the overall and subscales' scores calculated by Pearson correlation to determine construct validity. The overall score of the B-IFAM presented large Pearson correlation coefficients, with most subscales ranging from 0.52 to 0.74. Two subscales (MI and TCII) achieved medium correlation coefficients compared with overall B-IFAM. All coefficients were significant at 0.01 level. For discriminant validity, correlation was carried out between female and male children/adolescents. Female children and adolescents presented higher scores compared with male for overall score (p = 0.006), A (p = 0.009) and PI (p < 0.001) ( Table 4) .
Validity

Discussion
This study translated and cross-culturally adapted the IFAM to the Brazilian Portuguese language, and this alternative version was considered a reliable and valid instrument to be used with Brazilian children and adolescents. The method used to translate and cross-culturally adapt the instrument was carefully guided by standard recommendations described in literature. 16, 17, 18, 19, 20 The back-translated version resulted in a version very similar to the original questionnaire, therefore highlighting the suitability of the Brazilian Portuguese version achieved in the process. The participation of the instrument's author helped to increase the power of the final version in Brazilian Portuguese. 19 The experience with the translation process and the orthodontic professionals involved in the expert committee helped to incorporate the best modifications to the Brazilian Portuguese language.
Floor effects appeared in the A, FL and SI subscales, which means that 16.8%, 22.4% and 17.4% respectively of the sample scored at the bottom of the scale. Therefore, no impact on aesthetics, functional limitations and social interactions were reported, perhaps as a result of adaptation to appliances, since children and adolescents in Table 2 . Descriptive analysis and reliability of the B-IFAM to assess the impact of fixed appliances on daily life. the sample had been wearing orthodontic fixed appliances for at least six months. There is an adaptation period of five days after appliance insertion and a decrease in experiences of sensitive teeth, pressure, and pain over time. For patient complaints, no statistically significant changes were observed in retrospective reports within 14 days, three months, and six months after appliance insertion due to patient adaptation. 26 These findings could support our results for the floor effect. Further research on the B-IFAM is indicated in samples a few days after bonding in order to ascertain whether the high floor effect is sample-specific or a reflection of patient adaptation. Internal consistency was similar to that obtained in the validation process of the original instrument. The original IFAM demonstrated values ranging from 0.56 to 0.89. The present study found in maintenance impact (MI; α = 0.55) and time constraints (TC; α = 0.55) lower results than the original instrument. The MI result indicates that this sample of Brazilian individuals may not be aware of the negative consequences of appliance breakage in terms of treatment results and the duration of the therapy. Therefore, verbal and written instructions on the care required for the maintenance of a fixed orthodontic device should be provided in subsequent appointments for appliance adjustment. 27 The TC result may be associated with the difficulty of dealing with both orthodontic dental assistance in the university and school time. However, a study in India demonstrated lower values than the present study for internal consistency in all subscales except for dietary impact, which was the same (α = 0.81). 15 Therefore, it is suggested that for the Brazilian Portuguese version MI and TC subscales should not be used alone. However, these two subscales should be included in the overall instrument, which showed an excellent Cronbach's alpha coefficient.
The study attained 87.5% of the sample in test-retest, and the overall score of B-IFAM showed excellent agreement (ICC = 0.81). The manuscript of the original instrument and that from India did not conduct ICC for the overall score of the IFAM.
14,15 The B-IFAM had better ICC for subscales than the previous studies. No poor agreement was found, while 33% achieved moderate agreement and 67% good agreement, although the manuscript of the original instrument found 67% and 22% for moderate and good agreement respectively.
14 In the study from India, just 11% had moderate agreement, while the other subscales presented poor agreement. 15 The B-IFAM proved to be stable across time, supporting the reliability of the instrument.
Although previous studies using the IFAM did not calculate construct validity, in this study, 60% of the coefficients obtained by Pearson's correlation had p < 0.01, and 20% had p < 0.05. Therefore, we considered that the Brazilian version of the instrument presented satisfactory construct validity. Likewise, similar results in construct validity were achieved in Child-OIDP cross-cultural adaptation and validation in Brazil. 28 Discriminant validity showed that statistical significances were found in terms of sex regarding the impact on OHRQoL. The mean score achieved by female was higher in the overall score of the B-IFAM and the aesthetics (A) and physical impact (PI) subscales than males. Women perceive oral heath as having a greater impact on quality of life in general than men, whether positive or negative. 29 Our finding correlates with previous studies where female perceive more impact, 30, 31, 32, 33 nevertheless, other studies did not find significant differences between sex and impact on OHRQoL. 6, 7, 34 This study has some limitations that should be acknowledged. The first is inherent in the use of a convenience sample. Although several validation studies were based on convenience samples: 35, 36 it has been recognized that a larger sample size could lead to more reliable parameter estimates. 37 However, a literature review published in 2014 demonstrated that there is no consensus or guidelines on how to calculate sample size for psychometric validation studies. 38 A way to determine a required sample size for this kind of study is by calculating subject to item ratio, with recommendation ranging from 2 to 20 subjects per item. There is also a recommendation for an absolute minimum of 100 to 250 subjects. 38 As the IFAM was composed by 43 items, and the present study had 161 participants, a ratio of 3.74 was achieved, above the minimal necessary to satisfy the recommendations. Moreover, most participants were from families with a low income. It should be highlighted that the perception of children and adolescents regarding orthodontic outcomes is significantly influenced by socioeconomic factors. 39 Therefore, this study would have benefited from a more balanced distribution of participants' characteristics.
The B-IFAM has several potential uses in orthodontics. Firstly, it may be used in research to compare the efficacy of different fixed appliance techniques, 40 such as conventional metallic fixed appliances, esthetic fixed appliances, self-ligating bracket system, and lingual appliances. Secondly, the information provided could be used in orthodontic clinical practice to educate and motivate individuals undergoing orthodontic treatment.
14 Moreover, it is fundamental in guiding clinicians to understand treatment implications better and improve patient support, resulting in greater patient cooperation. Thirdly, the B-IFAM should prompt the professional to explore the measurement's results to offer high quality services guided by the patient's well-being. Finally, it may provide, along with socioeconomic evaluation, a basis for the efficient allocation of resources in oral health services and evidence to public authorities that treatment should be funded. 13 The study provides a condition-specific instrument to assess the impact of fixed appliances on the daily lives of Brazilian children and adolescents. However, future evaluations should be carried out with the B-IFAM to assess its psychometric properties fully in population-based studies, allowing the researchers to obtain more accurate estimates. The responsiveness should also be established in order to define the ability of this measure to detect changes in the oral health status of individuals during their orthodontic treatment. 41 Finally, the performance of longitudinal studies will provide a better understanding of the long-term effects of fixed appliance therapy on individuals' daily lives.
Conclusions
The B-IFAM overall score and some subscales demonstrated adequate psychometric properties regarding reliability and validity. The results of the present study show that this instrument is feasible for use on Brazilian children and adolescents undergoing orthodontic treatment with fixed appliances.
